Four Korean rye populations with B chromosomes at frequencies ranging from 15 to 55 per cent have been analyzed in two successive generations in a field experiment. B chromosome frequencies were maintained in spite of the environmental change from Korea to Madrid. Values of variables with effect on viability and fertility have been estimated in plants with and without Bs, in both generations. B chromosomes did not affect viability, while fertility decreased when the number of Bs increased. Our data are against an adaptive nature of B chromosomes.
INTRODUCTION
B chromosomes are widely distributed in rye populations. High frequencies of Bs are found in Korea (Müntzing, 1954 (Müntzing, , 1957a . Lee (1963 Lee ( , 1966 Lee ( , 1976 Lee ( , 1981 and Lee and Mm (1965 , 1966 , 1968 ) reported a variation in B chromosome frequencies among Korean populations which was not related to any geographic or ecological dine.
Rye B chromosomes tend to increase in number by nondisjunction during both male and female gametogenesis (Muntzing, 1946; Hàkanson, 1948) . Most authors believe that this tendency to accumulation is enough to compensate for the selection against individuals carrying a high number of B chromosomes, thereby maintaining the B chromosome polymorphism in spite of the low fitness of carriers.
The purpose of this work is to study whether stable polymorphisms are established at different frequencies of B chromosomes, and to analyse the causes of their maintenance.
The results are discussed in relation to the adaptive nature of B chromosomes. MATERIAL 
AND METHODS
Four Korean populations of Secale cereale have been used: Gumsan 3, Gumsan 4, Paldang and Puyo, carrying B chromosomes at different frequencies. They were kindly provided by Dr Lee (Seoul National University).
The chromosome number was counted in root tips following fixation in acetic alcohol 1:3 and staining by the Feulgen method.
B chromosome frequencies estimated from chromosome counts of seeds from Korea, which have not been grown in our laboratory before, can be considered the natural frequencies in these populations. These frequencies coincide with those reported with Lee and Lee & Mm bc. cit. About 150 seeds per population were sown in an experimental field. At anthesis each plot was covered with a thin white cotton fabric to prevent cross-pollination among plots, but allowing openpollination within each one.
Offspring were individually collected in order to count the number of spikes, flowers and grains per plant. From these data, variables with effect on fertility and viability were estimated. For each population the mean number of grains per plant (G/P), grains per spike (G/S), grains per flower (G/F), flowers per plant (F/P), flowers per spike (F/S) and spikes per plant (S/P) was estimated.
All these variables were obtained in two successive years: in the plants obtained from the seeds from Korea (June 1986) and in the plants of the next generation (June 1987) .
In addition, first pollen mitosis was studied in 2B plants. Both the frequency and distribution of Bs at metaphase and the frequency of nondisjunc-tion at early anaphase were estimated. Anthers were fixed in acetic alcohol 1: 3 and stained by the Feulgen method. Table 1 shows the frequencies of B chromosomes in the populations in two generations (1985-86 and 1986-87) Tables 2 and 3 show the variables of viability (F/P, F/S and S/P) and fertility (G/P, 0/S and G/F) in 1986 and 1987, respectively. Mean values of F/P and G/P were compared by ANOVAS.
RESULTS
Those classes with less than 10 plants were not included in the tests; therefore, only 0B and 2B plants were considered in Gumsan 3, Gumsan 4
and Paldang, while in Puyo OB, 2B and 4B plants were compared.
ANOVAS were always nonsignificant at the 005 level, with the exception of the variable G/P in Puyo in 1986. However, it can be observed that in all cases the mean number of G/P decreases as the number of B chromosomes increases. The probability of obtaining this result by chance is (1/2)8. This is not the case for the variable F/P in which higher or lower values are obtained in plants with or without B chromosomes. Both variables vary similarly in the two generations. The correlation coefficient for G/P in Puyo between the values of 1986 and 1987 was calculated, being r= 099±0'04.
It has to be noted that in 4 out of 6 cases, lB plants show the highest values of G/P. However, these data cannot be statistically analyzed due to the low number of these plants. Table 4 shows the data of first pollen mitosis of 2B plants. At metaphase the frequency of pollen grains with lB was always over 90 per cent. The The ANOVAS made for comparing the variables F/P and 0/P were always nonsignificant with the exception of the variable G/P in Puyo in 1986. However, in our experiment the power of the test is low due to the large variances observed in all cases (tables 2 and 3). The results obtained for the variables of viability (F/F, F/S and S/P) suggest that B chromosomes do not influence the number of spikes or flowers per plant. It can he observed (tables 2 and 3) that there is no relationship between the number of F/P and the number of Bs. This is true when we compare both the results of different populations in the same generation, or the same population in different generations. For example, in Gumsan 3, 2B plants formed more F/P than OB ones in 1986, while they formed less in 1987. Similar results were also found in the lines iNK and
Charito (Puertas et a!., 1985) . On the contrary, B chromosomes do influence fertility. There is a decrease of the number of 0/P as the number of Bs increases from 0 to 2 to 4 (tables 2 and 3). In all cases 2B plants formed less 0/P than OS ones. It is very improbable that this result was obtained by chance. ANOVAS were nonsignificant; however, it is possible that a type 11 error was made in this case, due to the large variance of this variable. It is also remarkable how similar the data are between both generations.
A decrease in fertility when the number of Bs increases was also observed by Müntzing (1963) and Puertas et a!. (1985) in other rye varieties.
These results cannot be explained under the hypothesis of the adaptive nature of B chromosomes. The effect of Bs was not beneficial for any of the variables analyzed. Their effect was neutral both in relation to survival and to the formation of flowers and spikes, while it was harmful in relation to fertility.
lB plants formed more G/P than OB ones in some cases. However, this result has to be considered with caution. The frequency of lB plants in any population is always very low, due to the mechanism of transmission of the Bs which tends to transmit them in even numbers. Therefore, even accepting that lB plants are really more fertile, their effect at the population level would be negligible, due to their low frequency and to the fact that most of their offspring consist of OB and 2B individuals (Puertas and Lacadena, 1974) .
The cytological behaviour of B chromosomes at first pollen mitosis in 2B plants was similar in all populations. It has to be noted that the number of B chromosomes present at first pollen metaphase is a direct indication of the behaviour of B chromosomes at meiosis. Therefore, since most metaphases showed lB (table 4) it can be deduced that Bs segregated quite regularly and that few B univalents were lost. Some Bs were lost as micronuclei, but this phenomenon occurred sporadically in some anthers and was not specific of any population. The fact that the rate of nondisjunction was close to 95 per cent in all cases, as in other rye populations (Matthews and Jones, 1983) indicates the stability of this important mechanism for the maintenance of B chromosomes.
It has been repeatedly argued by many authors that the polymorphism for B chromosomes is maintained by a balance between their tendency to increase in number due to nondisjunction, and the decrease of fertility in individuals with a high number of Bs (see Jones and Rees, 1982 for a review). Matthews and Jones (1983) estimated parameters influencing B chromosome transmission and applied the values to a computer simulation model. They found that adjustment of equilibrium levels was effectively brought about by variation in the nonpairing rate and the nonpaired loss rate parameters, rather than through fluctuations in nondisjunction and direction rate It should be considered, although it seems paradoxical, that the loss of B chromosomes due to instabilities during meiosis and pollen mitosis, and the low fertility of plants with many Bs, are not harmful for Bs themselves, but rather that they are necessary mechanisms to compensate for the excess of B chromosomes produced by nondisjunction. Therefore, the apparent failures of B segregation during gametogenesis, which have been regularly observed in all populations, are probably established properties of the B chromosome genetic system and necessary for their maintenance at moderate frequencies. If some Bs were not lost, and nondisjunction occurred in 100 per cent of the cases, too many Bs would be produced and their effect would be too deleterious for the population. It seems evident that the decrease of fertility is the main influence of B chromosomes on phenotype; so that a too high frequency of B chromosomes would produce a decrease of the fitness of the population which probably would lead to its extinction.
